Abstract: Functionalized annelated a-carbolines have been synthesized from oxindole following a tertiary amino effect reaction strategy.
Figure 1
Synthetic approaches to a-carbolines can be classified according to the nature of the starting materials, the bonds formed, and the ring-closing step. Most of the syntheses utilize indoles as appropriate precursors 8 although triazoles have also been used as starting materials in the modified Graebe-Ulmann reaction. 9 The Fischer indole reaction gives partially hydrogenated a-carbolines from 2-piperidone phenylhydrazones or cyclohexanone 2-pyridyl hydrazones. 10 A number of syntheses from other starting materials have also been reported, for example, 2-(1H)-pyrazinones, N-arylcarbodiimides, and 2-arylaminopyrimidines give a-carbolines via intramolecular hetero Diels-Alder reaction.
11 (o-Pivaloylamino)phenyl-o′-fluoropyridines have also been reported as starting materials in nucleophilic aryl fluorine displacement reactions. 12 Recently, a modified Graebe-Ullmann reaction has been reported using microwave heating. 13 a-Cyclization of tertiary amines is a mechanistically intriguing and synthetically useful process, which has not received much attention. Certain tertiary anilines, enamines, and enamine esters undergo such cyclization leading to annelated pyrrolidines. Suschitzky and Meth-Cohn 14 have coined the term 'tertiary amino effect' for such a process which has been further developed by Reinhoudt and Verboom. 15 Following these reports, variants of this reaction have been developed 16 and, in many cases, the benzene ring has been replaced by different heterocycles.
17 A literature survey also revealed a short report describing the synthesis of a-carbolines by exploring the tertiary amino effect as a reaction strategy. However, the workers utilized only cyclic tertiary amino indoles with cyclic bdiketones/b-diamides which afforded spirocyclic fused acarbolines (only two compounds) in poor yields (4%, 11%) under thermal conditions. 18 In a recent development this intermolecular redox process was carried out at room temperature using Lewis acid catalyst. However, there are some limitations in the reaction. 19 As part of our continued interest in the synthesis of diverse heterocyclic compounds of biological importance, 20 we report herein an efficient method for the synthesis of functionalized a-carbolines and their annelated derivatives by utilizing the tertiary amino effect as a reaction strategy (Scheme 1).
Oxoindole 1 was taken as starting material in our reaction strategy 21 and, on treatment with Vilsmeier reagent, afforded the key b-haloaldehyde intermediate 2. The Bocprotected indole 3 underwent nucleophilic substitution at C-2 by diethylamine 4a to give 5a. Treatment of the tertiary amine 5a with nitrile 6a in the presence of catalytic base afforded the indole derivative 7a with an olefinic bond at the b-position of the tertiary amine group, which is the requirement for the key reaction step. The final acyclization of the tertiary amine 7a was carried out at 90°C using DMF as solvent, which afforded the a-carboline 8a. The product was obtained in 76% yield after purification by column chromatography. The structure of the compound was ascertained from spectroscopic data and In order to explore the synthetic utility of the process further, we utilized various cyclic amines 4c-e and alkyl nitriles 6a-c in the nucleophilic substitution and Knoevenagel condensation steps, respectively, to obtain the compounds 7e-k. According to expectation, cyclization of the cyclic tertiary amines 7e-k occurred smoothly under identical reaction conditions to give annelated a-carboline derivatives 8e-k in excellent yields (Table 1) .
It is very interesting to note that the electrocyclization of compound 7 to 8 also occurred readily in the absence of solvent under thermal conditions. Pyrrolidino-and piperidinoamines were found to be highly reactive; whilst morpholinoamines are comparatively less reactive.
Initially, we studied the reaction without protecting the nitrogen atom of the indole moiety. But nucleophilic substitution by secondary amines did not occur even under very drastic conditions. Simple alkylation was also not effective. However, when the nitrogen atom was protected with an electron-withdrawing group such as Boc, the nucleophilic substitution and the cyclization steps occurred very smoothly to give the desired compounds in excellent yields. This observation is explained by the mechanism and is in contrast to the reported work in which spirocyclic fused a-carbolines were synthesized by utilizing N-methyl indoles. 18 A plausible mechanism for the cyclization step is outlined in Scheme 2. The compound 7 with an aminodiene system can be envisaged to generate a 1,6-dipole [A], via 1,5-hydride shift that subsequently cyclizes to give the product 8. The adjacent strong electron-withdrawing groups (CN, CO 2 Et, CONH 2 ) stabilize the carbanion formed in the reaction process. The electron-withdrawing protecting group at the indole nitrogen enhances the generation of the 1,6-dipole by favoring the delocalization of the exocyclic nitrogen lone pair.
Scheme 2
The N-Boc deprotection could be achieved using with standard methods, 22 but the better solubility of the protect- Δ ed materials helped in the characterization of the compounds (the N-deprotected compounds have very low solubility). In conclusion, we have reported a novel and efficient method for the synthesis of functionalised a-carbolines and their annelated derivatives from oxindole utilizing the 'tertiary amino effect' strategy. Most of the reactions were carried out at room temperature. The eletrocyclization step which is usually carried out at very high temperature could be carried out at moderate temperature by using an electron-withdrawing Boc substituent on the nitrogen atom of the indole. The formation of the products is explained by a proposed mechanism. This reaction which can be further utilized in the synthesis of many other heterocyclic compounds of biological importance is a valuable addition to the chemistry of a-carbolines in particular and heterocyclic compounds as a whole. Further study of the reaction is in progress.
